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(54) FUEL CELL SYSTEM AND CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve energy 
efficiency of a fuel cell system by reducing the 
undesired loss of fuel gas by purging in the fuel 
cell system. 

SOLUTION: Volume flow rate is calculated based 
on a propagating time of ultrasonic wave in mixed 
gas measured by an ultrasonic flowmeter, and an 
average density of the mixed gas is determined. 
Hydrogen gas concentration and impurity gas 
concentration are calculated based on the average 
density, the mass flow rate of hydrogen gas is 
calculated based on the hydrogen gas 
concentration and the volume flow rate, and an 
existing amount of the impurity gas is calculated 
based on the impurity gas concentration, pressure, 
and temperature. Here, when the mass flow rate of 
hydrogen is at a threshold or lower and the 
existing amount of the impurity gas is at a 
threshold or higher, the purge is performed. 
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m*mmm&z^ti *.mm&%ft \z *> »t 5 *#sra 

A. 

[SS#«2] iilE>MMim*rt»8^#**<Wfc*b>tf 
*#tta**J&*6**tt&#*^a*£*»**;U 

« 1 um^mnmm^^^o 

d t 1 1- 5H#Jg 3 Ego****?'* r- A 0 
[SS**5] ttE***a*a*£*ftftt*/Xtt*K 

«5#*#£aat£#©#, 

*U 30 
4#« t IS*9 1 ~ 4 W v >1**va> 1 oHBttofettt 

[ii*«6] tte*sfrattatt£#atf, wis**« 
^ * watt 5 je^&roesi^M^s^v » 
THuiES-a-^^roft:«ata«r^tiii-5ft«sftatim¥a 

W^roemWlcS^^THtllEiiS^^^cofr^aSr^ 
W-t-5#8l»Ea&W#&i:, 
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t. 

«iiE*3ii»aata*^sis, fffEfrata. & 
a&tf*i!i#*«£i;:s^T*3!fMasKa£*i;£u 

lit 8 ] fjE^xasssKtc^s^® ^^16 u 
%&<»&mmw\\z&'5\,*x*.mm&B.Tf/xii*&®># 

i)ES^^^roSgSr«IW-f--5SJ[^W^a*Si»t, 
8&E»S*5&?aas, iiuEiaglcX'3^-C5jii&f 3 ;H5* 
s&M«&iBuE¥fc!?&flEiKg<5i,*-c, S5E*3H^^» 
a&tf/Xli**fc&;t/;*«&£*t£1-S r t Zftmt-t 
SiS** 5-7 »v>-f tifr l ofcE*©*****-:'*^ 

ic, HuES-a-^^wffiA^^ai-r-sffi^^w^ssutjs 

StfEffi^Strmft*^**, S*^SatHuE¥^?B 
«ifc*-3v*T. BuE*3i#*«S&tf/Xtt;F*i&&# 
^ggSr^-TS - £ t-T Sf8*S 5 ~ 7 <OV>-f 

i r>\zwm.n®®fm>sx.7- a. 

[IS*^l 1] ttE»MiJE*»a*» HtlEJl-g-^^co* 
fcS-3V*T» B5E**#*«aXU</X 
~ 7 ov*i* ix*» l oKE&wamma&v'^-r ^. 

[ff*«l 2] «S^S?fe^t5V^T^«|C^S^A»o 

fc*3R£, ifE^W^^XSrfti^-riaK^sat^ 

HiJE*XSSitSB^^tf *X«Sl^rt \z fclt 5 *XHa 
BtaSrft^L, 

fc*Hi£. SSE««!»a«l-*#«r«t«&i-SiiK^ia«E* 

«!E**3S«gII«r-&tf**<g»^rtlC*ilt5**ffa 
i5Ea«:«ISL, 

HuE*X«S^rt^fi^^^ ^»^iK«3^^#4a?r« 
JfeU 

WE**ftaaa^Pitt£iT-e. jj^o. buE**ie&#* 
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[§&*«14] S(f!E*^S*»SfiwSaffl[Sr, WI2«M^« 
l 2Xtel 3&&<n)mnm\/x ; rJ±<DfflWjj&. 

(«91©i&M4R0U 

(000 1] 

[&9!©JSi-*&«#IH *»Wtt % Bm«*tL->xxA 

MZtS^X* «BRA»&0/<-^«rtl«pi-«fi|ilc Hi- 
fi. 

[0 0 0 2] 

TffffJfflSrigsr taSfffcjxTU^ (#M¥lO-0 5 

5 8 1 4%&nAXf&g& 2000-5809 2 

JH) . *fc. ±B©J:5MM*#*«:»«3-ttTWRffl] 

Gmicttx&mttmmirx) i^wm • man ltv> 
10003] ^<D£?tt*&mt£$x$:mmz-£mv5 

H5IEi|#H2 0 00-05809 2^zm^^tlim^.X 

£-fr5J:5fc:4o-CV\fc. 
[0 0 0 4] 

[3893as#fcLJ:5i:i-*BiS] 

**#*P#Sia»k©*fl§ffc*&*S£Q (L/min) t 
i"5t, :©Q (L/min) LT*>5Jt5pa©»it 
taQ (L/min) ^^v^i ^ ioTKii^iXT 

a***.. «»«*ttt^ttflE*-e*>5 (i + o) q 
(L/m i n) imx-rz. 

[0 0 0 5] -t LT, DRfHtftCTQ (L/m i n) © 
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tB»**fffc«ofc«Q (L/mi 
n) a***lfflif^i:LTj»»«fti»6#W*lir««i- 

Ai-fi*^SitfiQ (L/min) 

ft, r©SK*Q (L/min) Kft^LfciaQ (L/ 
m i n) am&LTV^. 
[0006] #H 2000-012059 

[0 0 0 7] ftWi-fttf, flHt3ti3**ft*ttft (sfe 

v>fc», st?^ v^fe©'*— s?rMW4i*r £ tc4£ 
i£VmUxmmc&'5^X'<-i>$: 

20 ft*5^{ti-5w 4V'£» % M&jT'f 3^ 

^■C^<-i?fr|f ^ t *T?* 4v» t V> 5 HStfifco 
fc. 

[0 0 0 8] «E*©«fc5lc**6fc#*a&|r£r5 
V%T/<-v?«:{pJ»i-5fl|j«-e»4, iMtt47Mft;tfx* 

30 fc© % f£*iW#p-ett, *5-«*tt4*M»;lf 

5. 

[0 0 0 9] L#»L, ^\W£'<- : s*%ft-lr*> t ^ 5 « 

14, i»4'<-i^fPKJ:oTlMI4«»#*©il5fe* 

4 Sftfc <>©"?*> 0, j0OTtf*©Sffl4«&*&J*£li- 

40 4«W«A^y^au««*p*Jfe*lttti-5r:i:«rB«j 
ti-fio 

[0 0 10] 

[SISSr«gti-5fc*©#S] ±EiW*^i-5fe 

a*«i, 1 2Ett©*«-ett. Amsmsni:^ 

»K»««asBi««TK4ofcfctic, *^SaESKA» 

i:, **«S*rt©jg^^^ (*S^^, 
tK^») ©«Mfl:cit:i:T»fci-5**lt»aE*a«BI 
50 «aTfc49. *«a*trlH9-p*4<4fij:. ^-^ 
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[001 1] ss*«2, 1 3w.m<n%w-ei*. *mm& 

[0 0 12] !S*Jl3lS«oiSiJ]-Cli, tJllE*3itgSgtt 

MtLfc. JbB*&8KJ:5fc, *5*fc Six***** 
gSSis. Jft<sf««K031te*ff:t)t tT«flrt-a r. t Kit 

[ooi3i n*gu. i 4iE«ro«KTtt, mnmm 
nmwmxKto ixmu&m&ammommz&feir * 

[0 0 14] iBflljfifcJ:**. a^-J^ffcfcrtS* 
ttfctfxftSiro-g-tf-asi-e. &#xa&&b&&b<n 

[ooi5] 5t*«6iB«©igOT-c»i. 

nunc, **«jtatjf/xH:^«**^«it©}t«#tT 

[0 0 16] M*q[7E«©*«-ett, S^&tf>e«i$ 
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[0 0 17] ±C*J*KJ:*J:» ff8Bt»«>*aKtfo 

i', &m#wi<n#m$m<»±m9ix'f&m£tizz. tx. 
[ooi8] a*«9s«»«wTtt, mmtiffflv&m 

20 *E4&#*, L-C*«>6ii5fllj*T?*> 

tWFitt&af *jmw*j& fctts r £ lefts. 
[0019] 89*Si oEtoSH-es, e«^fW»tt 

■^0**«l*«rlWEBE*Xt«Ut*>?>*», tt^lKft 
[0 0 2 0] it*Sl l|E*<05SWCtt, 

&mmm>t>*.«>t>ixz¥ittf!&bK&^x. 

[0 0 2 1] 

40 ^«ga^ 1^*5 rt «*SMt«t*Jwa<5v nt/<- ^ trfllfP 
[0022]S*92, l 3E««3*WKJ:5i:. ** 
50 /<-5?©*«rfTtottT, «t'J-S«ffl4^-v J lCi5* 



10 



20 



[0 0 2 3]ffcft«3, 4, 1 4lE«©l6KICJ:5t, 

5. 1 5E*«>flMI'<t5i:. S^-^tfro^ii^P,* 
r t as-e£ 5 b n 5 2S*#fe.5 0 

[0 0 2 4] f»*«6|E«<D36K{z«t5t, Tk^Sglt 
*^fc5„ S#£7|E«<0SS9J|::J:3 4:, TksgSft** 

[0 0 2 5] R#Jl81E«tf)3SSIiK«fc.5i: > 

^W^f>*^»a-^*e^^fi^^«|^$-fr5ri:as 30 $ 
[0 0 2 6] 0|E«W|8K{c < t5i:, 

[0 0 2 7] 

V=L/ (2cosfl) * (1/11-1/12) 
C = L/2 * (1/t 1 + 1/t 2) (4) 
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* S^Tift9l1-5. Bill, Xlfe&lifc&t-rSKfMItt 

mtimm'<A'7 2. urn* 

KMX&ti. &&m&x? >y? 2 0MT$»£Jx#a»o 
II, *m#xmtfLf&7, 9, 10 (*^il9ft 

[oo2 8] ±e**cj:ot. i&nmmxf-y? 2 0 

9, 1 OlWAlKf^fttt?^ >5KJ:oTfltjS&?l 

5. H5IE7k*^ilicK7a»f)5^ii$SK:$ix5gfai7^ 

[0 0 2 9] fufE^ttJ^-f VI 2 0>#(l£gB < ttJ feTSEflS 
<D**#*S2iftgg9fc:ii, ±jMa»e>JHt^ &&SI8 

, astf3 7 (s&tim^s) , m*»3 

HtifEiaSH-3 7, alftH-3 0, £E*ft3 6A»fe©tft 

s?# 1 1 omtk&mwtz. 

[0 0 3 0] H2fi» tteX«M-3 0Off|R«^i- s ffif 
& 0 „ fflWft£3B{f« 3 1. 3 2 Sr{tx., ±ftfl0>iB : tf 



tt£%flr«3 i*»e»T«iiK:i(irfTi»»iciiLfc«t 

fi#fc£lt&3 3TR#LTTgftfll<D«#a££$&« 
3 2K£{I£*U Tttffi08*tt3afllS3 2a»t>± 

SMfciRirtT*M>fc*Lfctf«jj«, a^«sl*eS3 3-r? 

[0031] ri-e, **#*38KK9©ttlB£jew«[ 

cog^irL, 7k^^^SSEK9-e»^iS«tiiSrVi:i-5 
i: , »5IE€fi|^fra t 1 , t 2 (sec) |±, 

t 1=L/ (C + Vcosfl) (1) 

t 2 = L/ (C-VcosO) (2) 

±fE<o2aa»p>. ¥^jitav ( m / s ) . « 

itC (m/s) Sr*J6St, 
(3) 



k4*. 

[0 0 3 2] S£oT. **^JB«EB9rtfc:*i»t5iP*& 
<*:«at*Q (mVs) tt. ^KWfSaSrS. flESffljEfii 

Q = V • S • K (5) 



50 



pAt«MI[T|cft;tfc*|jE«:l|[Ur. Q' 
[0 0 3 3] 



Q' (Nm'/s) =QX (p/pO 

ft, ±5£;t\ pO»iSipE^5r, T o liSipia*£* 

•f. *HJi^S-CI±> *3|iKft8S4dinH2/dt|cS-^T 

x, *Hi?&Sf:p x ii-Tit. *JMHHI*d«H2/dt (k 
g/s) 14, 

dinH2/dt=x • p x • Q' (7) 

[0 0 3 41 flisau-te, 
fetf* (**) *btt&fketirx#)ltii&#. ItSKJSft 10 

P>, «nE**Ctt» *ilMM:l*< ******** (2 
*) fc02*5W»&fc6^#**fc:fctt5*jiCi:fc 

tmcti. #fift»o*^it (*«) ©ISSt-e 

S£*X (#|2000-3047 32^#i) , **£ 
5. 

[0035] ftix. a^tf^rowaca^jMitf. 20 

0 3H?£oTa'a-^^«> i P*d?6ftpaviS**9, 

^^WggSry, ^*E^^ro«aS:p y t-fSt, 

x + y = l (8) 

x • px + y • py = pav (9) 

x = ( p y-pav) / (p y-p x) (10) 30 

y = ( p av— px) / ( p y — P x ) (1 1) 

fc. *S[Ci»fe*«>6itS s P«&**pavki>b» **# 

[0 0 3 6] n, ±e**3tf^»»*xaw#B*^ 
say i#»-ffl^3**#*<£>&£p xaot 

£*V3, ±!EW£oKLT**#;*«&x&t;**e#i;tf 

*»ayas#a<bn-5i:, &5«ax, yicunefMnt 40 

SQ' SrmSi-Srt-C, jdcSRjtf^fcSraESQx' &t/ 
x' . Qy' |:^«Sp x, p y «rS*i"5wi:-C. 

[0 0 3 7] «»«»ic«»i-5**R«t*ri»ft« 
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) X (TO/T) (6) 

[0 0 3 8] att#Xft*tt. x5?*?^4PJ: 

-g-ofcii*) t'Xcv^t. *»«i-ett» #****# 
x*#*JBU (**&*#*) 

O-Ctt. ±lS<D£5lwLT£mLfc**ei:5fcStBaffi 
[00391 rrt, WSifei:toTM)i**^ 

xwmiz&cx&x.-rzk&^ (h«k«#s) . 0 

4 9 ii^iS^**#*»&xfc<#ISlE*Q , t 

**®*3ltS-£w#t>if4;RftigS»-C 
*£*u ;fc63S**8MK#J£:Lfc**M**a-ej£ 

1 

[00 4 0] 06CD7O— M4, ±E'<— 
^K«De«^Mt 1, t 2<O%tm*'il0» -t LT» *x 

y ys2, 3m s&iees&Wt 1, 12^** 

TI4, **#*8Sx0>S*££:fr?. 
[0041] ^y^S2 -en. mllE€fll^ra t 1 . t 
2tafc'3#¥*MiaiVtr**L (at (3) ) . K¥^Stt 
« V|ca-3V^-Cflc««*Q (*£ (5) ) . * 

14, BljfEfiS^W t 1, t 2lcS<5#^jiC4rS5»-T5 
(5t (4) ) o 

[0 0 4 21 ^y^S5-CI4, MfE^ilC 
pavt^Sli-5 (@3#I) o ^f'^S6 

T'li, gJ|E^*&«Spavtc:X-tJV^-C**^^ai« 
x (SOT««^^^«ay) SrSISi-S (1 
0) ) . Xfy/S7 (*ig«*«t**3£*©) Xti. 

x \zm<$\,*x*m#xft&mai:m*+2. 

[00431 ^fy/ss (PSffi^^S) "Ctt, 
t tamWKUU^fS tTWIE*3Hif^ 
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[0044] bZhX. feftmmMX-^ ±12© «t b 

*) ii^i-< & t> . a^i^ui Lxmmz'<-i?# 1 1 io 

[004 5] JbE»i 5 *iiSW^*^KS:ifi*<7)^£ 

r^eft^ffflUH «y • (p/p 0) 
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ztiz>®&v$:-mb&t£ j ttiz, & (i i) 
T*e&#*«&y t. ff^pt, fig T£a>?> 

^#S*lc^LfcSSrJt^i-5- ir^-e#5 (Tift** 
[0 0 4 6] rr-e. ±12**6*81 #*#ftfitt, aftS 

(L/min) -e»4/f<, *fc. 7MM^Myf«) 

[0 0 4 7] 
[ftl] 

• (TO/T) • V- — (12) 



[0 0 4 8] **S*«*asB8fi«Tl-*ofct#t, 

ic-fjxtf . A?!?£S)i$»c*s;m^-s;asm>ft5 r b # 

•C£OS5lw^$n5^-^«igEt^UT, £71, ?fl££ 
-mt&mi-it. *&fe#*«&y=l 
STC 2b 5 ±!2<D*3|ifC*»tSXtfT-*6fe#*#£ 

*i-s<5< /<— s^pH:. 0 7»i 5 KT*E$j#*«ao 

[0 0 4 9] 08070-^-^, ±IE©7k*fffi 

ata&tf s?M»s:*-r t 

<0-?fc*K 7.7-yZfS 2 1~S 2 9©i&3gtt, S&12EI 6 
©7D-ft-h©^T5'^S 1~S 9 tmWz.nt>fl 30 
5. ^r 5 '7S2 9 (**E«&#*#&S«3£¥19 T\ 

:/S 3 0~-iiA,T\ **6&#*#£SSriftS1-3. 
[0 0 5 0] ^fj/7S3im SaiE^Fi(JEfe^^#S 

®m%0>&&#xmmzti-r. **. * 40 tux, m£**n&x, ytcov^x<5?< 

x=[ (l — z) py+z • pz-pav]/ (py-px) 
y = [pav-z -pz-(l-z) py]/ (py-px) 

^S«x y t>tli Z b iCf£ 

So 

[0 0 5 3] ®1 lli, m%$iffi&ft3 0tf*m, 
Sz^t>**Sax«rSI*-r5^''-v J SiJPSr*-r o El 50 



0 1 o Jw^i-J: 5 fc, &SS§ 8 <n±.ffim6Lg.V#xmm 
Ztkto-tzm&X'h. z*gt&b1rZ>zb 
■C. BSE€«^rat 1, t 2I^S-^#*S!>C>ix5¥*S« 
£ p av^Pj^Mltf^SS x XtfT-fcEJ&jtfxftg y 

[00 5 1] 09 {w^-ri|J6^<gXf±. gtt*ff 3 0 <D± 
jfffl!lia^j®AH-3 5«r^$-B:T*)iJ, StSatf 3 5 

mm&tu^m zmz-zm^at. &mg.(o&m%m 
sfc, iai o K*-raa»»-ei4, satf3 s^fii*/* 

*S^rti5ffifP7kH^IST-fe5»^^(i, ffi73 

[0 0 5 2] rrT\ »SSH-3 0«, 7M*^f 

tSltWS^f), e«^fFflt l, t 2fiS-3<¥*9 
«ftpav|±, Sfifc^S^XW^^Spav-Cfet), W 
ISA (8) , (9) *sS^ro?Bff?rp z b-rt>b* 
TIE © J; 5 K 355^^5, 

x + y+z = l (1 3) 

x'px + y«py+z-pz=pav (14) 

x + y=l-z (1 5) 

x-px + y«py = p av— z • p z (16) 



• (1 7) 

• (18) 

1 lZ7F-t7a— f-V— hH, ^r^7'S2 5t*?MI 
pavZmWI-Zb* &<r>*"ry7S2 6K (gffit^# 

a) x-ii. san-3 5ics^j#, ^v>f±. ssi^rt^ia 

[0 0 5 4] -t LT. ^fy7S2 6Bflt MIBtKH 
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■y/S2 6A, 2 6 WJ.ft-<»&*7- vZf-Q 

5. 7trlUtfc<-Ct>-. *3*iS[« 

[0 0 5 51 Sft*W-3 0&igi 2i:itJ:?i:. 

rt»±rfi-ntf. WK*«lf»i:ra*KL-C/<-s?«!llii 

[0 1 ] RM80TXfl£ff*ft*tt*S?llimo^ 

[0 2] OTttttftft0fi»*H£Ittt«0H{g*K 
931-5*:*tf>1£it0 o 
[031 MftlMtJ: 

[04 1 *^1fftifcS£fi«£2S£-#*Sft*<affi«£« 
[0 5 1 «*ateR«Tf©*3Mt«l*^a«*«:*i- 

H0o 

[06 1 **«*««KS<S</<-5^WfP«:*i-7u- 

[01 1 

*° " S * 3 
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* [07i *m , 8*m*bWfo#xftiE*biz.m'3<'< 

-i?««Sr*i-i»0. 

[08l **H*SfE*^Ftt»^^#S*i:^S^<^ 

[091 SJtW-*r«x.«lllfi»*Oi'^^A#»jEa 
[0101 «SttfcflK4v*llira«©$'*y.MllJ* 

0o 

[0111 **H«*a»fe;MI#*«***»t>*' < --5> 

io [0i 2i ttfltf*jjgw#x^*£EaL£?arett 

*r^i-->^7 l A«fife0. 
[ft-§-©K5fl] 

i 

6 — JteSS 

7,9, 1 0-**3tf*»SlE!& 
20 8-IMW 

1 l •• •/*— ^# 

1 2-#W9-f ^ 

3 0-iMHH- 
3 5 

3 6-JBEAtt 

3 7-flUtft 

4 0-«*«»«UB« 
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